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Abstract—Data plays a vital role particularly in mining enterprises to foster innovation and business performance 
through precise decision-making. Scientists have created many kinds of database technology to support them, such as big 
data, data cloud, etc. Meanwhile business is always facing a fluctuant situation in using those various database technologies. 
Unfortunately, there is still hard to use database technology in a proper way because there are no model rules in making a 
perfect planning so that they can choose suitable tools for its own case. Therefore, this paper aims to design an agile 
enterprise data architecture model rules (blueprint) in mining company based on various frameworks, tools and 
methods/techniques so that managers can govern their data asset for sustainably business-IT alignment. This data 
architecture reference models can be easily adopted by CIOs in order to move toward an integrated mining enterprises as 
well as guide user in producing a precise decision-making. 
Keywords—data architecture; reference model; agile; enterprise architecture; alignment 
I.  INTRODUCTION  
Studies by Jenkins[1] inferred certainly that one of the 
largest chances miners had become to analyze from other 
industries and move closer to an integrated mining 
enterprise through the use of architecture benchmark. The 
mining industry has benefits that other industries did not 
have. It could leverage the 15 to 20 years maximum other 
industries spent in trying to apprehend after which move 
in the direction of an integrated enterprise. Through 
utilizing an integration model, communication and data 
standards that simplify integration, after which choosing 
and distributing solutions that suit with the parameters of 
their plans and the requirements chosen, they could 
acquire in a few years what other industries took a long 
time to perform. 
Data is at the core of modern usefulness, highly sought 
and meticulously accrued after which left to sit in silos, 
misconceive and underutilized. A file reveals that there 
are various possibilities to be had for utilities as they start 
to specify the silos throughout their enterprise and join 
different information assets to make more thoroughly 
informed decisions. Meanwhile, data can force huge 
modifications, but simplest while it feeds the massive 
illustration. Therefore, references for requirements include 
the following: 
 conceive what data your enterprise has these 
days and what it’s doing with the data 
 recreate what data is wanted to construct a 
complete picture of your company’s 
belongings 
 investigate how distinct data sources can be 
leveraged across your enterprise, as an 
example: how data asset affects areas 
including cyber-security and outage 
management 
 think the character of customer data and 
social media in constructing a more 
comprehensive illustration of the application 
for each personnel and customers 
 Plan for the way emerging technologies, 
which includes micro-grids and DERs, will 
suit to your enterprise in the name of data 
needs and possibilities, in addition to how 
those technologies may additionally modify 
your organization’s method in the direction 
of data [2]. 
Enterprise-level data architectures guarantee that the 
disintegration of the integrated data store is minimized. 
This guarantees that latter-day work is sustainable whilst 
new development can be held. Additionally, utilizing the 
same model also ensures that a foundation gets along with 
the execution of new techniques and technologies. They 
locate tools and methods with regards to each other with 
the aid of distinctive feature of an engineered building. In 
addition they provide a way of quantifying risks and 
costing for or in opposition to enforcing a brand new 
aspect of the architecture. With a view to obtain the lofty 
goal of corporate or enterprise data architecture, it 
requires the organizational management in indicating data 
as the critical resource and asset as it is[3]. 
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Given the challenges outlined above, the objectives of 
this paper are to (1) explore overall utility component of 
enterprise data architecture in mining industry by using 
various tools and techniques/methods; (2) make an 
integrated relationship between them as a standard for 
integration; (3) propose enterprise data architecture 
reference models for a better governance purposes in 
mining enterprises. 
The core contribution of this paper is becoming a 
guidance for mining enterprise while generating an agile 
data architecture blueprint that integrates various data 
entity in accordance with data architecture principles and 
standards. Through agile data architecture, a user can 
easily govern the data asset so that can provide better 
communication among them for the precise decision-
making process. 
Agile enterprise architecture is claimed as one of the 
solutions for many industries in facing a meticulous 
problem when they use information and communication 
technology. The problem is changes. In order to fulfill 
business performance and innovation needs, many 
industries require an architecture that aligns with the 
capability of the industry, in this case, mining industry. 
Therefore we propose an enterprise architecture 
metamodel [4] by using TOGAF framework as the 
preliminary research to formulate the edge (± 60%) and 
quality of model rules including various domains 
(business, application, data, technology) and perspectives 
(contextual, conceptual, logical and physical). Due to the 
limitation of time, however, it is required to continue the 
depth (perspectives) and breadth (domains) of the agile 
enterprise architecture. Regarding the issue, complete 
model rules of agile enterprise architecture remain to be 
developed such as agile business architecture[5], agile 
data architecture, and so on.  
II. RESEARCH METHOD 
There may be a crucial lesson for the architect 
nowadays: design is an outward-in process, not inward-
out. All great architects start with humans and what they 
want from the system that is designed by architects. Due 
to the fact that agile architecture requires an enterprise 
point of view at the interactions among business and IT, 
it’s vital for the architect on the way to set up business 
architect on the head, and take into account all the various 
models that the business is right to be applied for 
reflecting the capabilities in each of the business and the 
IT that serves it [6]. 
The method that data is used, shaped, and saved has 
improved to the matter that there may be exactly present 
an area of taking a look at that may be referred to as “data 
architecture.” There are numerous aspects of data 
architecture due to the fact that, as we shall see, data is 
complicated. The 4 most thrilling aspects of data 
architecture are: (1) the physical manifestation of data; 
(2) the logical linkage of data; (3) the internal format of 
data, and (4) the file structure of data. Each of these 
factors of data has advanced interdependently through the 
years. Data architecture can best be explained in terms of 
the evolution of each of these aspects of data architecture. 
The evolution of data architecture is seen in Figure 1[7]. 
Metamodels are a central idea of Enterprise 
Architecture (EA), reflecting the basic artifacts of 
business and IT. These high extent models provide a 
general language and a clear view of the composition of 
and dependencies among relevant parts of the enterprise 
[8]. In quintessence, this is achieved by a way of 
supplying a template for models: the permissible entities 
and their connections prescribed via the metamodel, so 
that all models based totally upon it are coherent. In this 
way, the metamodel enforces semantic rigor between 
some of the models afterward created in its image. Such 
rigor is a precondition for a successful communication 
and documentation[9]. 
 
Figure. 1. The expansion of data architecture[7]. 
Studies suggested an incorporated solution of a data 
integration and decision support system for mines 
primarily based on a data warehouse. As data from more 
than one resources continue to be incorporated, both 
support and core processes in a value chain, start to divide 
a general information resource. Those new technologies 
create possibilities for mining more efficiently. Those 
inefficiencies will no longer handiest come from the 
extracted element, however from the entire value chain. 
Some of the recognized benefits of integration data 
include enhancing ore body reconciliation, automatic 
mine-mill integration, smart mine making plans, enhance 
production management, enhancements in planned 
maintenance, and inside the area of occupational health, 
most significantly, safety and risk management[10]. 
The metamodel should offer a basic model with the 
minimum characteristic set after which assist the inclusion 
of non-compulsory extensions in the course of engaged 
tailoring. The core metamodel affords a minimum set of 
architectural content to help traceability throughout 
artifacts. Additional metamodel ideas for guiding more 
particular or more in-depth modeling are contained within 
a set of extensions that logically assemble the extension of 
catalogs, matrices, and diagrams, even allowing 
concentrate on regions of particular interest and topic. The 
core content metamodel in data architecture is data 
entity[11]. Therefore we create a data architecture 
metamodel in Figure. 2 as an integrated solution for 
mining data architecture that consists of mining value 
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chain, Togaf content metamodel and deliverables (artifacts). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 2. Data architecture metamodel for mining enterprise. 
 
III. RESULT AND DISCUSSION 
A. DELIVERABLES OF  ENTERPRISE DATA ARCHITECTURE 
IN MINING INDUSTRY 
Those artifacts that are resulted from techniques of the 
framework represent the inheritance of relatedness from 
data constituents in modern usage systems. Enterprise 
data architectures are the transcription of the information 
owner’s product requirements from the proprietor’s point 
of view. Latter-day data architectures are depending on 
the basis that data is living at the center of cutting-edge 
data processing. Data have to be approached from the 
highest level of perspective; since it is apprehended as the 
real-world objects that describe and exists as a 
characteristic of normal business operation[3]. Therefore, 
we generate data entities for data architecture in mining 
enterprise from real user requirements (business rules) 
that can be seen in Table I. This represents the main (file) 
structure of data architecture. 
A Reference architecture catches the quintessence of 
the architecture in a set of systems. The aim of a 
Reference architecture is to offer direction for the 
improvement of architectures for new variations of the 
system or extended systems and product clusters. A 
Reference structure is created by taking pictures the 
essentials of present architectures and by taking into 
consideration future wishes and possibilities, starting from 
certain technology to patterns of business models and 
market segments[5]. 
B. Database Architecture for Mining Enterprise Data  
Structured (Model in Every Level of Abstraction) & 
Unstructured (Taxonomy) 
In general, there are two types of data found in a 
corporate, structured data and unstructured data. 
Structured data is the data that has a predictable and 
systematically occurring format of data. Unstructured 
data, on the contrary, is unpredictable data and has no 
structure that is recognizable for a computer[7]. 
Therefore, structured data can be modeled into a further 
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level of abstraction (conceptual, logical and physical) for 
data governance purposes. Meanwhile, unstructured data 
can be classified into a taxonomy for various usage.  
TABLE I. THE MAIN (FILE) STRUCTURE OF DATA ARCHITECTURE 
 
 
 
Conceptual design is the initial stage in the 
database design process. The objective at this stage is 
to design a database that is independent of database 
software and physical details (levels of abstraction). 
The product of this process is a conceptual data model 
that describes the main data entities, attributes, 
relationships, and constraints of a given problem 
domain. This design is descriptive and narrative in 
form. In other words, it is commonly composed of a 
graphical representation as well as textual descriptions 
of the main data elements, relationships, and 
constraints[12]. In this case, we take one sample of 
data entity for one application area of mining 
enterprise, for instance, demand planning application 
as can be seen in Figure 3. 
Logical design is a secondary stage in the design 
phase that matches the conceptual design to the 
specific constructs of the selected DBMS and is 
therefore software-dependent. Logical design is applied 
to translate the conceptual design into the internal 
model for a chosen database management systems, 
such as DB2, SQL Server, Oracle, IMS, Informix, 
Access, or Ingress[12]. In this case, we assume that this 
logical model can be matched for any kind of DBMS 
chosen. Therefore, this logical model has to be adjusted 
for each specific mining enterprise application (e.g., 
demand planning application) as can be seen in Figure 
4. 
Customer has Job
1
places
N
Order N
Order-dept-
sales
1 Salesperson
N
Order-item-
sales
N Item
1
Department
1
hires
1
N
1
N
contains
1
N
 
Figure. 3. Conceptual data model diagram for the ER model in 
demand planning application[13]. 
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Figure 4. The logical data model in demand planning application. 
 
Physical design is a final stage of database design 
that maps the data storage and access characteristics of 
a database to ensure its integrity, security, and 
performance. Since these characteristics are a function 
of the types of devices supported by the hardware, the 
data access methods supported by the system of 
physical design are both hardware- and software-
dependent. Physical design can serve a very technical 
job that affects not only the accessibility of the data in 
the storage device(s) but also the performance of the 
system[12]. Physical design is the lowest level in 
structured data architecture. It can be seen in Figure 5. 
A. Data Management Services 
In designing data management services, we combine 
the TOGAF framework with DMBOK as can be seen in 
Table II. According to the DMBOK[14], data 
management is the business function that develops and 
executes plans, policies, practices, and projects that 
acquire, control, protect, deliver, and enhance the value 
of data and information. In some cases, data 
management is a synonym of a data management 
functions in the enterprise that performs data 
management activities. In other words, TOGAF 
architecture provides the “what” things, meanwhile 
DMBOK data governance contributes in “how” things. 
B. Roadmap (Goal Summary) 
Architecture roadmap registers individual work 
packages that will realize the target architecture and 
lays them out on a timeline to show the progression 
from the baseline architecture to the target architecture. 
Architecture roadmap is composed of the project list, 
time-oriented migration plan, and implementation 
recommendations. According to Togaf data architecture 
concept, a data roadmap is needed to prioritize activities 
over the coming phases. The initial data architecture 
roadmap will be used as raw material to assist more 
detailed definition of a consolidated, cross-discipline 
roadmap within the opportunities and solutions 
phase[11]. In this case, data architecture roadmap is 
seen as one unit with other architecture domain. For 
more detailed about data architecture roadmap can be 
seen at Thesis in Appendix G Transition Architecture 
Document[15].  
At the end of the research, we evaluated the 
proposed model in order to measure the accuracy of the 
results. Peffers said that there are many ways to observe 
and measure how well the artifacts supports a solution 
to the problem, such as satisfaction surveys, client 
feedback, simulations, and so on[16]. Thus, we took 
client feedback (expert judgment) from the mining 
enterprise where the research went on. They claimed 
that this model rules solved their problem. However, 
these results have to be continued through design 
iteration process simultaneously in the future.  
IV. CONCLUSION 
In this paper, we proposed an agile data architecture 
for mining enterprise based on a various frameworks, 
tools and methods/techniques in order to guide the user 
in generating a data architecture blueprint that can 
produce a precise decision-making.  In accordance with 
data architecture standards, and principles, mining 
enterprise data entity has a unique model depends on its 
own value chain. Those data entities are then explored 
into each level of abstraction for integration purposes. 
Data management services provide many functions for 
governing data architecture artifacts. Data architecture 
roadmap can give information for future agile data 
architecture development. 
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Figure 5. The physical data model in demand planning application. 
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Table 2. DataManagement Services Matrix 
 
